Guiding Question: How can water be used to address energy needs?
IN A SERIES OF RAPIDS upriver from Lowell, Massachusetts, the Merrimack River plunges more than 9 meters (about 30 feet) within about 1.5 kilometers (1 mile). In the 1820s, a few smart manufacturers made use of this drop in water level. They built mills that harnessed the water's energy, using the energy to run looms that wove cotton thread into cloth. Those mills on the Merrimack helped start the Industrial Revolution in the United States.
The manufacturers needed workers to operate the looms. At first, most mill workers were young women from New England villages and farms. Later, immigrants came to Lowell from Europe, lured by the hope of jobs in the mills. All the mill workers, no matter where they came from, were looking for a better way of life. Helped by the power of falling water, many of them would make a new beginning.
Today the water-powered looms are silent. Tourists visit the old mills, which are part of Lowell National Historic Park. But we still use the kinetic energy of moving water as a source of power.
Reading Strategy After you have read the lesson, construct a concept map to show the lesson's ideas and how they are related. Use the blue headings as main topics.
Vocabulary hydropower, tidal energy, ocean thermal energy conversion (OTEC)
• Explain how river water can be used to generate electricity.
• Identify benefits and costs of hydropower.
• Describe how energy from the ocean can generate electricity.
Hydropower and Ocean Energy LESSON 2
FIGURE 7 Waterfall on the Merrimack
Falling water has kinetic energy. During the Industrial Revolution, this energy ran looms that made cloth.
FOCUS Show students a picture of a rushing river or a waterfall. Have students form small groups to develop a list of ways that humans can harness the power of the pictured water. Then, have each group share its ideas with the class. Encourage students to modify or add to their lists as they read the lesson.
GUIDING QUESTION

LESSON PLAN PREVIEW
Inquiry Students model a turbine in a hydropower dam. Real World Students discuss the benefits and costs of hydropower from the perspective of a town planning council.
Differentiated Instruction
Less proficient students pair up to discuss tidal energy and thermal energy from the ocean. 
RESOURCES
Out ow Turbine Generator
Dam
Reservoir
Power lines Powerhouse
Water ows from the reservoir through the dam.
The owing water turns the turbine.
The turbine activates the generator, which produces electricity. Renewable Energy Alternatives 557
Generating Electricity With Hydropower
The movement of river water can be used to generate electricity.
Next to biomass, we draw more renewable energy from the motion of water than from any other resource. In hydropower, or hydroelectric power, we use the kinetic energy of moving water to turn turbines and generate electricity. In the United States, about 6 percent of the electricity we use is generated by hydropower. In Germany, hydropower produces about 3.5 percent of the electricity.
There are two basic approaches to generating electricity from moving water. In the first way a dam blocks a river, and water is stored in a reservoir behind the dam. In the second way, a river is not blocked. Instead, the natural movement of river water is used to produce electricity. Figure 8 shows how a hydroelectric dam uses moving water to generate electricity. As the river water passes through the dam, the water turns the blades of turbines. The turbines, in turn, cause generators to produce electricity. After the water has passed through the turbines, it flows back into the river from which it came. Because dams store water in reservoirs, they ensure a steady supply of electricity at all times. Most hydropower is generated by dams.
Using Water Stored Behind Dams
FIGURE 8 Hydropower Dam
In a powerhouse of a hydroelectric dam, the movement of water provides the energy to generate electricity.
FIGURE 9 Hydroelectric Dam in Germany
The Jettenbach 2 hydropower station is located on the Inn River.
Using the Natural Flow of a River The second way of producing hydroelectric power also uses flowing water to turn turbines. However, this method, called the run-of-the-river approach, takes advantage of a river's natural flow. Some of the water may be diverted through a pipe, which carries the water to the turbines. This method does not disturb natural habitats as much as the reservoir-storage method. However, in seasons when the river is low, little electricity is generated.
Benefits and Costs of Hydropower
Hydropower is nonpolluting and relatively inexpensive, but dams can harm ecosystems and disrupt people's lives.
Unlike other renewable energy alternatives, the use of hydropower is unlikely to grow. Most of the rivers that offer the best opportunity for hydropower are already dammed. Like all the ways in which humans produce and use energy, hydropower has both benefits and costs.
Benefits of Hydropower Hydropower is renewable. As long as there are rivers, we can use water to turn turbines. When electricity is generated with hydropower, nothing is burned. Therefore, hydropower is "clean. " It does not pollute the atmosphere or release greenhouse gases. Electricity generated by running water is relatively inexpensive. The dams that are built to generate electricity may also control floods. Hydropower is an especially useful source of energy in nations that have a lot of rivers and the money to build dams. Canada, Brazil, Norway, and Venezuela all produce more than half their electricity using hydropower.
Costs of Hydropower Because dams and reservoirs interrupt the natural flow of water, they drastically change ecosystems. For example, the populations of many fishes, such as salmon, have been reduced or eliminated in dammed waterways throughout the world. In addition, the process of dam construction damages the landscape. This damage can cause erosion as well as landslides.
Dams can prevent important sediments and nutrients from getting downstream. Before the Aswan High Dam was constructed in Egypt in the 1960s, the Nile River flooded every year, depositing nutrient-rich mud over a strip of agricultural land. The nutrients in the mud made the soil fertile. Now, the mud is trapped behind the dam, and farmers must use chemical fertilizers to improve the quality of the soil.
FIGURE 10 Monuments Saved From Flooding
In the 1960s, the ancient monuments at Abu Simbel were moved to higher ground after the Aswan High Dam was constructed on the Nile River in Egypt. The monuments were threatened by the rising waters of the reservoir behind the dam.
What are the potential uses and limitations of renewable energy sources?
Perspective Have students work in pairs. Within each pair, have one student develop an argument in support of a new hydropower plant that would require construction of a dam and formation of a reservoir. Have the other student develop an argument against the new hydropower plant. Then, have students discuss their arguments with their partners.
BIG QUESTION
Find Out More
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Three Gorges Dam: An Example The Three Gorges Dam on
China's Yangtze River, which was completed in 2008, illustrates both the benefits and costs of hydropower. The reservoir is approximately 600 kilometers (370 miles) long-about as long as Lake Superior. This project generates enough hydroelectric power to replace dozens of large coal or nuclear plants. It controls floods and enables boats to travel farther upstream than before.
However, the Three Gorges Dam cost $26 billion to build. The reservoir has flooded many cities and destroyed the homes of 1.3 million people. These people had to move to new homes, often far from the areas where they once lived and worked. In addition, the reservoir has flooded 10,000-year-old archaeological sites. The rising waters have destroyed farmlands and wildlife habitats. Many scientists worry that water pollutants will be trapped in the reservoir, making the water undrinkable.
Energy From the Ocean
The movement of tides and ocean thermal energy can be used to generate electricity.
Twice a day, as ocean tides rise and fall, large amounts of water move upward and then draw back. This daily cycle of tidal motion can be harnessed to generate electricity. And energy that ocean water absorbs from the sun is another potential way to produce electricity.
Tidal Energy
The term tidal energy refers to using the movement of tidal water to generate electricity. There are different ways to accomplish this. In one method, a dam is built across a bay or tidal river. As the tide rises, water moves through the dam and enters the bay. When the tide falls, water leaves the bay. As the water from the receding tide passes through the dam, it is channeled through a system of turbines. The moving water turns the turbines.
Reading Checkpoint
Describe how tidal energy can be used to generate electricity.
Dams are constructed for many purposes. Find information about dams in your community or state. Learn why the dams were built, how they are maintained, and what, if anything, was done to compensate people whose lives were disrupted by the construction of the dams.
FIGURE 11 Farmland Under
Water Villagers in China row past a cornfield flooded after the construction of the Three Gorges Dam.
ANSWERS
Reading Checkpoint
Water from receding tides can be channeled through a series of turbines, which can be used to produce electricity. Thermal Energy From the Ocean Each day, ocean water near the equator absorbs radiation from the sun. In fact, the heat content absorbed daily by tropical oceans is equivalent to the heat content of 250 million barrels of oil. If this heat were harnessed to produce electricity, it could, in theory, provide 20,000 times the electricity used in the United States every day. Ocean thermal energy conversion (OTEC) is a process that converts the thermal energy in ocean water to electrical energy that people can use. The ocean's surface water is warmer than deep water. The temperature decreases gradually with increasing depth. This gradual change in temperature is called a temperature gradient. OTEC methods use this temperature gradient to generate electricity.
In one approach, warm surface water circulates around pipes that contain substances, such as ammonia, that boil at temperatures that are lower than the boiling point of water. The heat from the water makes the substances evaporate. The gases spin turbines to generate electricity, similar to the way steam does. Cold water piped in from the ocean depths then condenses the gases so they can be used again.
Research on OTEC systems has been conducted in Hawaii and other places. However, costs remain high. Therefore, no OTEC facility yet produces electricity to sell to customers. 
